Retrospective reports are often used as the primary source of information for important diagnostic decisions, treatment, and clinical research. Whether such reports accurately represent individuals' past experiences in the context of a serious mental illness such as schizophrenia is unclear. In the current study, 24 individuals with schizophrenia and 26 nonclinical participants used a mobile device to complete multiple realtime/real-place assessments daily, over 7 consecutive days. At the end of the week, participants were also asked to provide a retrospective report summarizing the same period. Comparison of the data captured by the 2 methods showed that participants from both groups retrospectively overestimated the intensity of negative and positive daily experiences. In the clinical group, overestimations for affect were greater than for psychotic symptoms, which were relatively comparable to their retrospective reports. In both samples, retrospective reports were more closely associated with the week's average than the most intense or most recent ratings captured with a mobile device. Multilevel modeling revealed that much of the variability in weekly assessments was not explained by between-person differences and could not be captured by a single retrospective estimate. Based on the findings of this study, clinicians and researchers should be aware that while retrospective summary reports of the severity of certain symptoms compare relatively well with average momentary ratings, they are limited in their ability to capture variability in one's affective or psychotic experiences over time.
Introduction
In order to gain insight into how clinical populations think, feel, and function, clinicians and researchers often ask individuals to provide retrospective summary reports of their past or ''typical'' experiences. These can take the form of responses to questions used in well-validated and widely used diagnostic or clinical instruments and interviews (eg, Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, [DSM-IV], 1 Positive and Negative Syndrome Scale [PANSS], 2 Beck Depression Inventory [BDI] 3 ) or as answers to less structured information gathering conducted by a practitioner who asks patients ''how were your symptoms this week?'' Regardless of the specific administration format, retrospective reports are the most common method of data collection in psychiatric settings and a cornerstone of clinical research and practice.
Whether such reports accurately represent an individual's past experiences or effectively summarize his or her current clinical status in the context of a serious mental illness such as schizophrenia is unclear. Retrospective summaries are typically collected in laboratory or clinic settings, not the real-world environments in which symptoms occur or daily functioning actually takes place. Consequently, their ecological validity, that is, to what extent data collected in lab conditions approximate those in real-world settings and situations, is limited. 4, 5 In addition, retrospective reports often entail asking individuals to recollect (eg, ''how many times did you leave the house last week?'') or aggregate (''on average, how often do you hear voices during the day?'') their experiencestasks that are quite susceptible to various memory problems and recall inaccuracies. [6] [7] [8] These obstacles to measurement may be even more prominent when compounded by the psychopathological symptoms 9,10 and myriad cognitive impairments 11, 12 that are often seen in people with schizophrenia.
In order to evaluate the accuracy and representativeness of retrospective reports, a number of studies have employed an elegant dual-methods approach in which participants are asked to provide information on the same target construct using 2 separate strategies. One is the traditional lab or clinic-based summary in which participants describe their status on relevant items over a given period of time (eg, 2 weeks, ''current''). The other strategy uses the experience sampling method 13, 14 (ESM) or ecological momentary assessment, 15 in which individuals are signaled repeatedly by a mobile device to complete ratings of their immediate status on similar items, in the context of their own environment. By comparing the summary measures to a criterion based on ratings that were generated in real-time/real-place, researchers are able to determine just how representative retrospective reports really are of real-world experiences (for review, see Shiffman et al 16 ) .
Discrepancies between ESM and retrospective reports have already been identified in a number of clinical populations, including eating disorders, 17 panic disorder, 18 obsessive compulsive disorder, 19 borderline personality disorder, 20 and depression. 21, 22 Although different studies used different methodologies and statistical approaches to examine this question, overall, results generally suggest that summary reports ''overestimate'' the frequency and/or intensity of symptoms and affect experienced. It is unclear whether individuals take into account all their experiences when attempting to provide a retrospective estimate or whether they are systemically biased by select events that are especially salient to them at the time of recall. A number of studies have shown that retrospective reports may be disproportionately influenced by the most intense (peak) or recent (end) moments, [23] [24] [25] suggesting that these select events may have heuristic value or special meaning when one attempts to summarize their longitudinal experience. 26 Consequently, retrospective reports may actually be most representative of ''peak'' or ''end'' experiences rather than the most typical or average of all experiences over a given period. Finally, with the growing understanding that symptoms and functioning in schizophrenia are much more dynamic than previously believed, [27] [28] [29] it is important to evaluate whether traditional retrospective reports can effectively capture clinical phenomena that may vary not only between but also within individuals over time.
Gaining a better understanding of how retrospective reports correspond to actual day-to-day experiences reported by individuals with serious mental illness is important, as these estimates are typically used to inform diagnostic decisions, case conceptualization, and treatment. This need is amplified in clinical practice with individuals with schizophrenia because patients' retrospective reporting of symptoms and mood disturbances often impact subsequent administration and dosing of antipsychotic medications that may entail serious unwanted side effects. [30] [31] [32] To explore the relationship between retrospective reports and real-time/real-place ratings, we conducted a dual-methods study in which 24 individuals with schizophrenia recorded daily hallucinations, delusional thoughts, and various affective experiences using a mobile device over a 1-week period. At the end of the week, participants were asked to provide an overall retrospective summary report of the same 7 days. Their retrospection patterns were examined against those of 26 nonclinical individuals who completed similar ratings of affective experiences. Specifically, we wanted to examine (a) whether momentary experiences are ''overestimated'' in the retrospective reports, (b) whether retrospective reports are more representative of the highest intensity or most recent experiences (ie, peak and end) compared with an average of all experiences recorded during the week, and (c) how well retrospective reports account for the overall variability of momentary experiences in both groups.
Methods

Participants
This study was approved independently by the institutional review boards of both a university and a large community psychiatric rehabilitation organization. Twenty-four individuals with schizophrenia (17 male) and 26 nonclinical individuals (9 male) provided ESM and retrospective reports for the study (see table 1 for full demographic information). Participants in the clinical sample were recruited from ads placed on bulletin boards at ''Thresholds Psychiatric Rehabilitation Centers'' in Chicago, in the ''National Alliance on Mental Illness'' newsletter, and on public bulletin boards. Participants in the comparison group were recruited for a separate ESM study that utilized a similar approach and measures, through messages on community internet websites (eg, ''Craigslist,'' ''Chicago Reader'') and ads placed on public bulletin boards in Chicago. Participants in the clinical group met criteria for a diagnosis of schizophrenia or schizoaffective disorder. They had a mean age of 44.87 years (SD = 9.27) and were 71% male, 71% never married, and 79% African-American. The mean length of illness reported by these participants was 16. 
Procedures
After providing written informed consent, all participants were administered a structured diagnostic interview (Structured Clinical Interview for DSM-IV Axis I Disorders-Patient Edition 1 [SCID-I/P]) in order to verify diagnosis of schizophrenia or schizoaffective disorder and to assess additional lifetime and current mental disorders. Both groups then completed a battery of self-report and interview measures that included demographic information and a measure of symptoms of depression (BDI-2 3 ). Participants from the clinical group were also rated with the SAPS and SANS 33,34 of schizophrenia.
Following assessment, a 30-minute training session was provided concerning the meaning of all computerized ESM questions and response choices as well as training on how to operate and charge a PDA programmed to run the experience sampling program (ESP) 35 version 4.0, a free open-source ESM software package. Participants were given a Tungsten E2 PDA that runs on a PALM OS Garnet (V.54) operating system and asked to carry it with them over a 1-week period. The PDAs were programmed to generate a prompting auditory signal multiple times every day in intervals that were spread out equally 610 minutes (determined randomly) between 9 AM and 10 PM. The clinical group was intended to receive 6 prompts per day and the comparison group 8 due to the slightly different original study protocols. The actual number of prompts participants received varied within each group due to various mechanical failures or empty PDA batteries as a result of individuals forgetting to charge the device overnight.
Participants were instructed to complete the ESM questionnaire that appeared on the PDA screen. ESM assessments took approximately 2-3 minutes to complete, and all responses were automatically stored in the PDA memory. The ESP settings chosen for the study allowed participants to complete questionnaires no later than 5 minutes after being prompted. All responses were time/date stamped electronically. Two practice ESM questionnaires were completed in the laboratory under the supervision of the research staff in order to resolve any difficulties or address questions. Each PDA had a label with the lab's contact number to call in case of technical difficulties or with any questions during the week. All messages received were responded to no later than 24 hours by research staff. Participants were also called by a research assistant 48 hours after commencing and 24 hours before their scheduled second lab visit, to troubleshoot any problems and to remind them of their return appointment.
During the second visit, all participants were asked to provide a retrospective report summarizing the passing week ''overall,'' before returning the PDA and receiving payment. Finally, all participants were debriefed and asked whether any major or unexpected life events took place during the week of data collection (eg, unexpected health concerns, moving to a new residence) that might have contributed to response patterns that were atypical for them. Subsequently, data from 24 hours were dropped for one participant because the PDA accidentally signaled him to complete questionnaires during the night. He reported contacting the lab the next day and resolving the problem after speaking with a research assistant who instructed him on how to modify the PDA settings over the phone.
Measures
Computerized ESM Measures. Both groups completed affect reports in every ESM questionnaire. Participants rated how they felt on 8 adjectives that were selected from the Positive and Negative Affect Schedule. 36 The clinical sample was also asked to respond to 5 psychotic symptom items that were modeled after the Psychotic Note: The clinical group was older (independent t = 3.81, P < .001), comprised significantly more males (X 2 = 6.56, P < .05) and African-Americans (X 2 = 10.42, P < .05) than the comparison group. The comparison group was significantly more educated (X 2 = 23.01, P < .01).
Symptom Rating Scales 37 and ESM questions that have been shown to have convergent validity with the PANSS positive symptom subscale. 38 The topic of focus for each item was presented in capital letters, so that after a few administrations participants could identify the question and respond quickly (see table 2 ). Participants could not skip over questions and needed to enter their answers by using the PDA stylus (pointer) to tap on 1 of 5 response boxes before being able to continue to the next question on the following screen. When a questionnaire was completed, the participant was notified, and the PDA would automatically enter a ''hibernation mode'' until the next signal.
Retrospective Reports. At the end of 1 week of ESM data collection, participants returned to the lab and were asked to ''reflect upon the passing week'' before completing a lab-based summary questionnaire. Question items were similar to those that appeared in the ESM measures but were modified to ask for a retrospective summary rather than an immediate report (eg, ''overall, how SCARED did you feel?,'' ''overall, how strongly did you believe someone was SPYING or PLOTTING against you?'').
Overview of Analyses
We calculated 3 indices of the week's ESM data for each question item for each participant: mean ESM, peak ESM (the highest rating recorded during the week), and end ESM (the last rating provided before individuals completed the retrospective report). All available data that were collected during the specified study hours were included in the analyses. To examine whether symptoms and affective experiences were overestimated in the retrospective reports, we compared mean ESM indices with retrospective reports for every item in each group separately, using paired samples t test. Effect sizes for the differences between ESM and retrospective reports were calculated as Cohen's d. Pearson correlation coefficients were used to examine whether retrospective reports were more representative of peak ESM or end ESM ratings rather than mean ESM, ie, the average of all symptom and affective experiences. Given the multilevel nature of the ESM data (ie, numerous observations nested within individuals), we used HLM 6.08 39 to generate parameters that would help to determine how much of the variability in the ESM data is explained by the retrospective ratings. We used a staged approach and modeled each affect and symptom item separately for each group. At the first stage, we estimated an unconditional mean model with no predictors to determine the intraclass correlation (ICC). ICC was calculated as the ratio of between-person variance (ie, tau of intercepts or TAU1) and the total variance in the model (TAU1þ within-person or residual variance). TAU1 in this case represents the average ESM item rating. Higher ICC scores would, therefore, indicate that more of the variance in the ESM data is due to between-person differences. At the second stage, we included the retrospective rating for each item as a level 2 predictor and determined the between-person variance that was unexplained (TAU2). BPv for this model was calculated as a ratio ([TAU1ÀTAU2]:TAU1), which represents the proportion of between-person variance that was explained by the retrospective rating. At the final stage, we calculated ICC 3 BPv to create a new estimate representing the proportion of total variance that was explained by the retrospective rating (TOTv). The higher the TOTv, the more the retrospective ratings account for the total variance in the ESM data.
Results
The schizophrenia group received an average of 41.4 prompting signals during the week, for which the ESM questionnaire completion rate was 97.7%. The majority of participants in this sample (83%) endorsed experiencing some symptoms of psychosis at some stage during the week; moderate or high severity symptoms (ie, score of ''3'' or ''4'' on momentary ESM items) were reported on 16% of paranoia, 11% of mind reading, 15% of reference, 15% of grandiosity, and 13% of hallucination ratings captured during the week. The comparison group received an average of 56.1 signals, for which the completion rate was 88.9%. On average, both groups endorsed higher positive affect (ie, feeling ''active,'' ''excited,'' and ''interested'') than negative affect (ie, feeling ''jittery,'' ''scared,'' ''hostile,'' ''upset,'' and ''guilty'') during the week, as reported by both ESM and retrospective measures.
The first question that we addressed was whether the retrospective ratings overestimated the information captured in momentary ratings during the past week. That is, when people are asked to rate the level of a symptom or affective experience during the past week ''overall,'' do they report a value that is greater than the average of their momentary ratings. The retrospective ratings provided by both the clinical and comparison groups exceeded mean ESM measures for all question items. However, not all these differences were statistically significant (figure 1). In both groups, the mean retrospective ratings were always significantly lower than the mean peak ESM ratings (all paired t test P values .01), suggesting that the overestimation was never out of the range of participants' actual recorded experiences during the week. To further explore the nature of the overestimation, we tested the mean retrospective ratings against the mean of the 75th percentile of the ESM ratings. Remarkably, in both groups, the 75th percentile values were not statistically different from the retrospective ratings in all but one item (''upset'' for the comparison group).
The magnitude of overestimation of affect items was always substantially larger in the comparison group (Cohen's d range 0.20 to 0.89) than in the clinical sample (Cohen's d range 0.05 to 0.41), with effects for some items almost 3 times greater in the nonclinical group. In the clinical group, overestimation was typically greater in the retrospective summaries of affect items than in retrospective summaries of psychotic symptoms. Effect sizes for psychotic symptoms were all relatively small, with the largest shown for recall of hallucinations (Cohen's d = 0.25).
Next, we examined whether retrospective reports are more representative of the highest intensity weekly experience (peak ESM), the most recent experience (end 
ESM), or the average of all experiences (mean ESM).
Pearson correlation coefficients revealed that in both groups, retrospective reports were most closely related to mean ESM (mean r = .77; range .36-.97) and not peak ESM (mean r = .54; range .01-.83) or end ESM ratings (mean r = .59; range .02-.83) in all but one item (figures 2 and 3). Associations between mean ESM and retrospective reports were all significant (all P's .05), except for ''hostile'' in the comparison group.
Finally, we examined the degree to which retrospective reports accounted for the variability in daily reports of experience. Parameters generated from individual item multilevel models showed that the extent to which the total variance in the week's ESM data could be explained by between-person differences (average ESM ratings) was quite variable across items (the average item ICCs across groups was .44). Most relevant to our question, the retrospective reports never accounted fully for the between-person differences in average item ratings (the average item BPv across groups was 0.53) and did a relatively poor job at capturing the total variance in the ESM data (the average item TOTv across groups was 0.29) (table 3 ).
Discussion
The current study used a dual-methods approach to compare retrospective reports and real-time/real-place ESM data capturing a week in the lives of individuals with schizophrenia and a nonclinical comparison group. The relationship between the information provided by both methods was explored in a number of ways. A pattern of some retrospective exaggeration was true for both negatively (eg, paranoia, hallucinations, feeling guilty, or upset) and positively (eg, feeling excited, interested, or active) valenced experiences. Overestimations were lowest in the clinical group's ratings of psychotic symptoms. Interestingly, in both groups, retrospective reports were closest to ESM ratings at the 75th percentile of intensity. Thus, while participants did not appear to be retrospectively averaging or counting events in an absolutely precise sense, they did not grossly misrepresent events either, providing ratings that never exceeded the intensities of ratings in their actual experiential range. Fig. 2 . Correlations of retrospective ratings with peak experience sampling method (ESM), mean ESM, and end ESM for each affect item in the comparison group; demonstrates the generally higher association with mean ESM. Fig. 3 . Correlations of retrospective ratings with peak experience sampling method (ESM), mean ESM, and end ESM for each affect/ symptom item in the clinical group; demonstrates the generally higher association with mean ESM. Note: ESM, experience sampling method; ICC, intraclass correlation. ICC is the proportion of total variance explained by between-person variance in the multilevel model, BPv is the proportion of between-person variance accounted for by the retrospective report, TOTv is the proportion of total variance in ESM data accounted for by the retrospective report.
In fact, the clinical groups' retrospective estimates of psychotic symptoms compared relatively well the average of multiple momentary ratings of these symptoms. Retrospective reports were found to be more closely associated with the average of the week's ESM ratings rather than peak or end moments. In addition, multilevel modeling revealed that much of the variability in weekly assessments was not explained by between-person differences and could not be captured by a single retrospective estimate. The retrospective ''overestimation'' patterns found in our study are quite consistent with findings from previous research with other clinical and nonclinical populations. [17] [18] [19] [20] [21] [22] 40 One possible explanation for the slight discrepancy between momentary and retrospective reports is that, unlike in short-term neurocognitive recall tasks, it is not feasible for individuals to retain and recall a week's worth of ongoing experiences. When asked to provide retrospective summaries of wide time-frames, especially when summarizing affective experiences, individuals don't just rely on episodic memory and likely also draw from existing semantic knowledge that may include personal beliefs or expectations one holds about their emotional life or ''typical'' experiential week. 41 Alternatively, the differences we found between retrospective and ESM reports may be methodological in nature and linked to our use of a categorical scale. A retrospective symptom rating of ''0'' or ''not at all'' may not feel valid for an individual who had even one symptomatic moment during the week (even if arithmetically, this is the most accurate description of the majority of the time) because it does not capture the symptom exacerbations at all. The individual may opt to choose the next viable response, ie, ''1'' or ''a little.'' Consequently, the retrospective estimate is slightly ''bumped up'' and is higher than the average of ESM reports, not truly capturing the full scope of the data. This may also explain why the retrospective estimates were closest to ESM ratings that constituted the 75th percentile for item intensity rather than mean ESM ratings.
It is difficult to determine what may have contributed to the different magnitudes of overestimation across groups as the samples were not well-matched demographically. Thus, differences in retrospection may be influenced by age, gender, or ethnicity variables rather than clinical diagnosis. For example, younger individuals may tend to retrospectively view their life as more emotionally intense than originally experienced, resulting in greater overestimations of affect in the nonclinical group. The comparison group was significantly more educated than the clinical sample, which is often the case in research with individuals with serious mental illness. Our chief concern regarding education level in this study was the participants' ability to understand the task and complete computerized ESM measures correctly during the week. In this regard, all participants in the study showed no difficulties in completing questionnaires and demonstrated their competency levels to our research staff before commencing data collection, and study compliance rates were very high for both groups.
Our finding that much of the variance in individuals' ESM data was not fully explained by between-person differences alone is very consistent with the growing body of empirical evidence suggesting that both symptoms and affect in schizophrenia are not nearly as static as is often believed, varying not only between but also within individuals over relatively short periods of time. [27] [28] [29] 42 Thus, clinicians and researchers should be aware that although some of the retrospective summary reports compared relatively well to average momentary ratings (of psychotic symptoms in particular), they are limited; when asking participants or patients to provide a single summary of their ongoing experiences over time, we are requesting completion of a task that may neglect variation in one's experience. Summary estimates are clearly not perfectly accurate in their ability to capture one's average, most intense, most recent, or the variability in one's emotional or symptomatic experiences over a given period and should not be viewed as such. We are not suggesting traditional retrospective reports do not have important clinical and research utility. In fact, they may be an excellent measure of one's current illness-related beliefs and personal conceptualization of past experiences that may play a pivotal role in their future decision-making and behavior. 43, 44 For current clinical practices, retrospective reports of psychotic symptoms may be quite suitable for assessing the general clinical well-being of patients. Looking forward, if we are interested in designing interventions that can be tailored and individualized to help people cope with personal challenges as they occur in the moment, they are not the most appropriate tool as they cannot capture dynamic processes. Contemporary mobile technologies are better suited to record the ebb-and-flow of symptoms and subjective experiences as they occur within individuals longitudinally and to help identify momentary risk or preventive factors that could perhaps be targeted with immediate mobile interventions. 27, 28, 45, 46 The current study had a number of limitations. The clinical and nonclinical samples were originally recruited for different ESM projects, and the ESM questionnaires and frequency of administration were similar but not identical. This may explain in part why the clinical group was more compliant in responding to momentary prompts or other differences in the results. We asked individuals in the clinical group to report psychotic items because the last prompt was given, summarizing a number of hours, which may be susceptible to some recall inaccuracy. We decided to ask for brief summaries as opposed to momentary ''snapshots'' since unlike affective states that may linger for longer periods of time (and consequently easier to record with momentary questions after they commenced), automatic thoughts or brief sensory experiences may be extremely fleeting in nature and difficult to capture as they occur. Consequently, these items had a microretrospective component to them, which may have contributed to the relatively smaller differences between the week's retrospective and momentary ratings of symptoms. Finally, completing multiple ESM assessments has been shown to have some impact on naturally occurring phenomena, 22 and it is possible that increased individual focus and sensitization to symptoms, or conversely, habituation and desensitization, occurred in the current study. Taken together, the evidence from this and previous studies suggests that given the opportunity, individuals with schizophrenia can and will engage in the use of mobile technologies effectively.
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